Introduction
Ion-selective electrodes (ISEs) with solvent polymeric membranes based on neutral ionophores have become a routine analytical tool in various laboratories. Carrier-based ISEs have found widespread use for the direct determination of various ionic species in complex samples. [1] [2] [3] [4] [5] ISEs find many applications in the field of analysis due to speed, sensitivity, low cost, reliability and non-consumption of the sample during the process. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Silver is of great commercial importance due to its widespread use in photography, the electronic industry and in the field of medicine. Therefore, a reliable sensing method is needed to determine its low concentrations. Silver is used in the production of coins, jewelry and silverware, as well as in making solder and brazing alloys, electrical contacts, and high capacity silver-zinc and silver-cadmium batteries. It is well known that silver inactivates sulfhydryl enzymes, and also combines with amine, imidazole and carboxyl groups of various metabolites, such as high-molecular-weight proteins and metallothionein in tissue cytosol fractions. Repeated exposure of animals to silver may produce anemia, cardiac enlargement, growth retardation and degenerative changes in the liver. Due to their germicidal properties, silver salts are also used as drinking-water disinfectants. Therefore, the need for a highly sensitive and selective determination of silver ion arises from its economic value and its long-term toxicity for humans and the environment. For sensing Ag + , a commercially available solidstate silver selective electrode based on Ag2S is one of the oldest solid-state electrodes known. [18] [19] [20] [21] This electrode exhibits excellent selectivity towards alkali, alkaline earth and most of the heavy metal ions. However, strong mercury interference (log K 28 1,3-bis(2-benzothiazolyl)-thioalkoxy-p-tert-butyl calix [4] arenes 29 have been reported in the literature as Ag + -PVC-based membrane electrodes having a good Nernstian response and high ion selectivity.
Coordinate bonding of silver ion with the crown-ring sulfur atoms is, however, powerful as compared with the ion-dipole interaction between metal ions and oxygen atoms (high complex formation constants). This often brings about slow metalexchange equilibria in the membrane interface, resulting in some disadvantage of the thiacrown ether-based ion sensors. Mercury(II) interference is the main reason for a continued search for new silver selective sensors for the past few years, which has led to the development of carrier-based silver ionselective electrodes. In view of our continued interest in the synthesis and reactivity of variedly substituted heterocycles, a simple and single-pot methodology for the synthesis of 2,6-bismethylsulfanyl- [1, 3, 5] thiadiazine-4-thione was developed in our laboratories. It was felt that this system, because of its unique architecture of extensively conjugated thiones and heteroatoms, may prove to be a promising candidate for silver-selective sensors. The present paper deals with a silver(I) ion-selective electrode based on 2,6-bis-methylsulfanyl- [1, 3, 5] thiadiazine-4-thione as an ionophore, which shows improved selectivity for silver(I) with much less interference from mercury(II) ions. base (KOBu-t), carbon disulfide and subsequently with some alkylating agents, such as methyl iodide, leads to the formation of thiazole derivatives. 30 Similarly, the treatment of thiourea with NaH, carbon disulfide and methyl iodide resulted in the formation of thiadiazinethione derivative 2. The mechanism for the formation of ionophore 2 is depicted in Scheme 1. It is shown that the treatment of thiourea with base (NaH) and carbon disulfide leads to the formation of intermediate 3, which upon methylation transforms to intermediate 4. Intermediate 4 in the presence of a base underwent intramolecular cyclization by elimination of the thiomethyl group, resulting in 2,6-bismethylsulfanyl- [1, 3, 5] thiadiazine-4-thione.
Experimental

Other reagents
High-molecular-weight poly(vinyl chloride) (PVC), dioctylsebacate (DOS), dibutylphthalate (DBP), decanol, bis(2-ethylhexyl)phthalate (DOP), tri-n-butylphosphate (TBP), bis(2-ethylhexyl)adipate (DOA) and tetrahydrofuran (THF) were used as received from Fluka. Sodium tetraphenylborate (NaTPB) was obtained from Aldrich. All other reagents used were of analytical reagent grade. Deionized double distilled water was used throughout.
Electrode preparation
The general procedure to prepare the PVC membrane was to thoroughly mix PVC, a plasticizer, an ionophore and sodium tetraphenylborate (NaTPB) in the minimum amount of THF. The mixture was shaken with a glass rod while taking care to prevent air-bubbles, and was poured into a 50 mm petridish. The solvent was allowed to evaporate at room temperature for 24 h. The thus-obtained transparent membrane was cut to size, attached to a glass tube with the help of PVC glue and conditioned with a 5.0 × 10 -2 M AgNO3 solution for two days. 
EMF measurements
Results and Discussion
Response characteristics of the electrodes
The potentiometric response of plasticized PVC based membrane electrodes based on 2,6-bis-methylsulfanyl- The potentiometric response of the PVC membrane electrode containing TBP as a plasticizer and 2,6-bis-methylsulfanyl-[1,3,5]thiadiazine-4-thione as an ionophore towards Ag + is shown separately in Fig. 2 . The composition of this membrane electrode is given in Table 1 . This electrode (E1) generated a stable potential response in a Ag + solution after conditioning for 2 days. After such a treatment, a near-Nernstian response was obtained for the electrode in Ag + solutions. The electrode showed a linear response in the concentration range of 5.0 × 10 -5 -1.0 × 10 -1 M with a slope of 52 mV per decade. The response time of the electrode was tested by measuring the time required to achieve a steady stable potential (within ± 1 mV), and was found to be less than 20 s. The sensor was stable for a period of about 8 weeks without any significant change in the potentiometric response characteristics. The detection limit of the electrode, as determined from the intersection of two extrapolated segments of calibration curve, was 9.77 × 10 -6 M.
Effect of the pH
The potentiometric response of the electrode (E1) was found to be stable in the pH range from 1.77 to 7.13, as shown in Fig.  3 . This pH range of 1.77 to 7.13 was taken as the functional pH range of the electrode. At a pH value greater than 7.13, the electrode potential decreased sharply due to the formation of Ag(OH). No pH adjustment was needed, because the pH of AgNO3 solutions lied in the functional range of this sensor. This sensor is applicable in moderately acidic media.
Effect of plasticizers
The effect of plasticizers, such as dioctylsebacate (DOS), dibutylphthalate (DBP), decanol, bis(2-ethylhexyl)phthalate (DOP), tri-n-butylphosphate (TBP), and bis(2-ethylhexyl)adipate (DOA), on the electrode response was studied by preparing electrodes based on ionophore 2,6-bismethylsulfanyl-[1,3,5]thiadiazine-4-thione and various plasticizers. Out of these six electrodes (E1 to E6) based on membranes containing different plasticizers, a good potential response was obtained for two electrodes incorporating these plasticizers, namely TBP and DOS ( Table 1 ). The electrode with decanol as a plasticizer gave a potential response only for 5 -6 days. The reason may be traced to the fact that decanol based membrane was very stiff and hard, and it did not permit any migration of ions across it. The rest of the electrodes did not give any noticeable response. The effect of the plasticizers is shown in Fig. 4 .
Selectivity of the electrode
The most important characteristic of any ion-sensitive sensor is its response to the primary ion in the presence of other ions present in the solution, which is expressed in terms of the potentiometric selectivity coefficient.
The potentiometric selectivity coefficient (log K Pot Ag,M ), describing the preference of the membrane for an interfering ion relative to Ag + , was determined by the fixed interference method (FIM). In this method, the concentration of the interfering ions is kept constant i.e. 1.0 × 10 -2 M, and the concentration of the primary ion is varied from 1.0 × 10 -8 -1.0 × 10 -1 M. Table 2 gives Table 2 that the values of log K Pot Ag,M for the monovalent ions and divalent ions are on the order of -3 and -4, respectively. However, the Hg 2+ ion was found to be the strongest interfering ion, and its log K Pot Ag,M value was on the order of -3, even though it is a divalent ion. Various experiments were carried out at varying levels of Hg 2+ ions, and it was observed that Hg 2+ ions did not hamper the working of this sensor when present at concentrations of less than 1.0 × 10 -4 M (Fig. 5) .
The ionophore 2,6-bis- The sensor can be used as an indicator electrode in potentiometric titration involving silver and chloride ions. Figure 6 shows a plot of the potentiometric titration of a 1.0 × 10 -1 M Ag + solution with 1.0 × 10 -1 M sodium chloride using a Ag + ion-selective electrode (E1). A sigmoid curve was obtained with a sharp end point.
Conclusion
PVC-based ISE (E1) with TBP as a plasticizer has a linear range of 1.0 × 10 -5 -1.0 × 10 -1 M, a slope of 52 mV per decade, a detection limit of 9.77 × 10 -6 M, a pH stability range from 1.77 -7.13, and a response time of less than 20 s. This electrode exhibited good stability, sensitivity, detection limit, reproducibility and reasonable selectivity, and was easy to prepare and use. It also presented satisfactory precision for investigating silver ion concentration levels. This electrode had high mechanical resistance and durability.
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